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(54) TIMING METHOD, SEMICONDUCTOR DEVICE AND TIMER 

(57)Abstract: 

PURPOSE: To enable timing highly accurately temperature -compensated by conducting 
temperature measurement and the like with a temperature measurement circuit at every 
generation of timing signal. 

CONSTITUTION: Fundamental vibration of 32.768kHz is generated with a crystal 
oscillation circuit 160, an added crystal vibrator 161 and a capacitor 162. The signal 
obtained by frequency-dividing the fundamental vibration at a dividing step 170 is 
supplied to a timer 0171 generating timing signal o0. CPU110 performs temperature 
measurement, calculation of temperature compensation value for the timing data, and 
addition processing to the integrated timing data accordingly to the program contained 
in a ROM 120. The results are stored in a RAM 130 as data for high accuracy time piece. 
For measuring temperature, a thermister 184, a capacitor C185, a reference resistor 
186, etc.,are used. By using the temperature measured with the temperature 
measurement circuit 1180 so constituted, the correction of temperature characteristic 
of the oscillation frequency of the crystal vibrator 161 is conducted. 
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(1 8 0 2) 



[0 0 2 8 ] tf-'S X * 1 (184) : R 1 th 

eri^>-r>1fCl (185) : C 1 iCDC R#£ti£;* 
£-hU ^i1l?>n/c^7l (18 1) ©EBB 
fit: tinitcfcO, ^K«i2tC % 7-;^-)>M, £ -f 
vl (18 1) *s=i--^-^n--r-&*T©^|ffl % OR* 
f Cl-Rlther= K/ ( C 1 X R 1 ther) 
Sfc, US: CNTthertt*-fvl (18 1)© 

tnXBtt: t initiC R§mm&$k : f Cl-Rlref 

[0 0 3 0 ] 

ON Tther= t initx f ci-Rlref • • ■ ( 1 8 04) 
Ctte, 5£ ( 1 8 0 2 ) , (1803) £KAT£i, 
CNTther= { C N T initx ( C 1 X R 1 ref) /K } 40 
X {K/ (C 1 XR 1 ther) } * 

R 1 ther=R 1 ref X C N T init/C N T ther 



tOfrmtJ:*) % MBL&Bimil (18 0) 

itl (18 5) ^oSB8ft©i^o^, &ffiHS 

1 (18 6) (D4*tt©*%^totiriia>tf, If- £ 1- 
(18 4) (Dffi SrfiJ±*J % jaftffll3EfllJKfS]±lCJSUfo 

<c fflfiig'JjE^^Ta, ^7--te-:/©fc:«>K:CR#6ia 

HS&l (183) £OFFT£e 
[0 0 3 1 ] CCTilWc^^yhi: CNTther 



★ 1 (182) «r*>5>h7^(3 

12) LT#^>rffi : CNTther*#«>5;^*fl!l> 
C©»^ t-^^1 (18 4) : R 1 therin 
30 >f r >1fC 1 ( 1 8 5) :Cl<bOCR^a^: f 
d-Rithertt, 'X<Dj£X*m£tl2>. 
[0029] 
•••( 1 8 0 3) 
^ = CNTinitxR 1 ref/R 1 ther • • • ( 1 8 0 5) 

Of, 5WW3>f>f : c lJ&sfBSSti, tN-5**l 
(18 4) ©ffitnifilR 1 ther©ffi# % CR^SJSifiK* 
£>*1 (182) ©fc^Hl: CNTther. tffltS 
tf : CNTinit, &C>\ SigJBJa 1 (18 6) OfiiSffi 
R 1 reftCj^TS&Ja*. 3t ( 1 8 0 5 ) ctO . 

• • ( 1 8 0 6) 
ROM (12 0) rt(C*&*^D»aMISiifca»f- 
-^«oT§gf-^ (T) fc£»T5 (3 2 
0) o COWIIi^-^^-jrtt, ( 1 8 0 6 ) % S 
tf, IN- 3**1 (1 8 4) ©ffilnfig4#ttr-*7fc6 

rSiJ^saj:0 7K H B a ^JJgg|^<@^ (Af (T) /f ) 
(3 3 0), Htt*c*A^^©ja^«ff«F 

so ttttH6©ttaft©2yc«i»i#tttSFO*s, 7k&m%i- 



n 



fig!fim©i*-£. 1f IBBElfctROM (12 0) rtfc*i=> 

*> o ttmrn s hfcsoft f — * 4 . * 

fc. tfJ|B©. SUSSSt 5 - *#*£©**£«. #7>* 
fit : C N T thert>6 KIR. * B B a ^fSil^«^tC^-r 

4**>njfi&-c&4. *a»aug%ttii^ (Af (T) / 
f > tm-vovmv&frmm (t.) <d«*9bms* * 

tnew(T) =tpre(T) + t, + At 
feLht?. *<t-?omViW9"7fr- ?>^7T?» (3 
60). [0 03 4] 

[0033]SC<3400) £5£ ( 3 5 0 0 ) tCR/VT* 

t new ( T ) = t pre (T) + T 0 (1— Af ( T ) / f ) 
CCt. To ( 1 - Af (T) /f ) iJvagffliESntc ★ [0 03 5] 
*-f"?0©ilU>i&#W»!T (T) **HsT4. ★ 

t (T) = t, (1-Af (T)/f) •••(3502) 

tc, fill. «flEW3e-r4*l^*wL/fc36«. 

( t. ) ©fflSf&TKjeu ^-©RiP^tc i a© 

JMBgg'JSSrfT^. *©*3llS©¥*3afl5ESgT average -fr 



(7) 1SKW6-34 2 0 8 8 

12 

*©v^f^-^ffi^, ^WvOfiJOjA^MI^ffllEtfAT 
(T) £ l/T#«>4. 
[0 0 3 2 ] 

Ar = -T.xAf (T)/f • • • (340 0) 
RAM (130) ±©I+B$^- 7 r ftT 
l»SJ£llir©^B$ffi ( t pre (T) ) (C, vOfiJOii 
*JH»I(T.) £> Wv0*|g&#J§IJ8©ffiIEffiAT 

• (t) itftwawrscitct-ar. ssaiE^n/c 

•rbOtMMI ( tnew (T) ) 
(T) • • • (3 500) 
•X4£. TSCKtt*. 



(3 5 0 1 ) 



ife^ro (1-Af (T average) /f) £*©*3IH©S 
gME3ftfc*-r-7 0©SI9i£;*ja83T (T average) 
t bTRAM (13 0) _Bc£S??t„ 5e&£ LXffm% 

CO 03 6] 



tnew(T) =tpre(T) +z (Taverage) 



(3503) 



08*. «, — J&9:fl*JftB$it©*§£\ ItB#:r-£©&/J\i!MaSJ 
i^SCiiiS^. ^©*§£. £-fvO©§89i£# 
J!JBTo= 1 Hz ittD, SC (3 4 0 0) ©SIJSSJ?* 1 
4. 0*t)At (T) =-Af (T) /f <t& 

«\ i o «?ra«iag— 3££ ur t . mM&mwc # 
scsw^f 1 *— f-.-t-i 1/1 oKiis^-rci^ft, 

*». 1 0#PdJPBKT4J!». $>4t,H;t, 3 0#R8PSiC-f 4 

— mawc ^Bj-c^u/cif-ax^ccR^iitci^ 

Af (T) /i = -a (T-2 5) 2 
03©SS (T) /7j< B B B ^SUI]i££Milg (Af (T) / 
f ) ©f r -*f 1 -^;l'^ (3 3 0) ©ftbSfc. ±IB 
&5£©}«g£SI*7T4;&afc^fi6r&4. HlOf^f 
JbB#lt©^P v trmRUMAO? 0-9=-+- bT,. S'JS 

ft©SU t v-i , i7Dn>f^-^ (10 0) ©:/□ 
£©{i. ROM ( 1 2 0) CC|*ijB3*VCl»4»]S (T) 

/7Kihm%mm$L<%£ (At ( t ) / f ) aaa^n ?v 



♦ 4&B3W5&Ctt. 0. 5#1I]SJ^i*H**»Wttl.»&. 

ws©wt>ias««ew a^ci^ca. ©gausjawB 1 

30 [0 0 3 7] *jra$fltt&m£®&I^te<!>ffl£H 6 

■r?iftBj-rs. (6io). tm^n-tfttmx 

Af/f (6 0 0) -C. T= 2 5-C©£C5-CJS«St*f 
SAf/f = 0©fcf-*£fto (62 0) „ T=2 5'C 

^H«<ci:t«i/-ciasjBift»tta < ft ztrnzn-o < 6 

30). ft-,-C. JS&gtfiKAf/f (2 3 0) «. T 

[0 0 3 8] 
• • • (6 0 0 0) 
40 WT,©*-f-?0SJ9i£*;l'-5 i > (4 0 0) 

S'JS (4 1 0~4 2 0) S-CW. ISHTC. iPJJSSS 
( T ) £ Wmm ( T „ ) ©£© g ft «#(C cfc o T 7jc B s B 
^iJattttfiHfe (A f (T) / f ) ^#*4^1I (4 3 

o) #jt&£. *n«*o.'aBcaiE3tiA:im<B*» 
m-rstea (450) &vi>±<mmv$>z,. 

[0 0 3 9 ] aflE/*fl»»HISSJ»iBaE®S£lft'C. r- 
50 tbW bftUTkS^lS-T-K: tf-^f- ^i/©rt^E© 



13 

tC. T = 2 5 'C££tM>£ L7y§£©iBfii£* fcWffiiSilS 
<&•*>. 

[0 040 ] — »*fcJ:9*^ira%&<H& (A 
f (T) / f ) «r*a&*^Fffi"C«. gg»Ofc»Oi»» 

V <? l-tfiSbhtfi. ROMg»*2l>&<-CS£R'Cfc. * 
fc. *HbWI*>**tt«:tHMELttt». 
[0 04 1 ]^{C. E17©-r-i'RAM±CDttB#'7=-^* 
Af (T) /f =-a (T-2 5) ' 
a = 0. 0 3 3 •••(7201) 
S»K«fc»)*a»JR««»«3Af (T) /f 



(8) «pMT6-3 42 0 8 8 

14 

*©«»&{<: -o^-csBis-rs. hkdram (i 30) n& 

fltefc. 0 4©?fSSI:£5£©t§^fc. 0«©«fitC*i. 

*r. uem£bb i (18 0) pwcRmmmnu 

(182)±©16e-jhA>ft l J*'»^f 
fi/M/1 0 0*C^{5^T©BCD4ffi©g'J 
Sfig^-* (7 10) &cS&£*l£. H3©7-7> 

1/lOOpp mMS-CCDBC D 4^*&&ifltt 

10 subs (7 2 0) {cs3s5-t4. 
[0042] «*.«. ihsuk 

T=30. 00'C ■••(7100) 
• • • (7 2 0 0) 
[0 04 3 ] 



Af (30. 00)/f = -0. 033X (30. 0 0-2 5) '=-0. 82 
5 • • • (7 20 2) 

C C -CI*. AJUHMttlMHI (7 2 0) IJ1/100 ★ &g § nt , XRRK icftM § ft 
ppmMStOBCD4f©y*'J(Dfca!, IZH}tiA*20 

Af (30. 00) /f = -0. 83 • • • (7203) 



[ 0 0 4 4 3 Etc. tf-BM 0 &#JWB r , i efltttM* 
tCJ:^-C. */JnO. 0 liisecfftOBCD9fOft 
B#S9 0 JTOoaftftliEfB ( 7 3 0 ) S . A 

At (30. 00) =-r,xAf (30. 00)/f 
= -1 x (-0. 83) 
= 0. 83 [usee] 
= 0. 00000083 [sec] 



lir [0 04 5] t,= 1 [sec] 



(7 3 0 0) 



[0046] 



(7 3 0 1) 



(740). BCD4tiJCD^7 ; -4'. BCD2ffi©^f 

BCD2tii©Bf-*. BCD2tfx©Bi?7 : -£, 
BCD2tff©#7 r -£. BCD2Wf-$, BCD 
8 fgcoaUHiiEf*- f «fc 0 ft SftB C D 2 2 * t? 

ISfSSft-So CCDftBt^-^tC. ttl$*<9&*fflJtB (7 
50) 4, fH$#U t) ji*ja»©»flE«iEffl*3!llWr -5 C 
itciO. SjKffiiESftfcgtBffii (7 7 0 ) 
4. 

[0 047] 

1992 12 31 23 59 58. 99999920 (7400) 40 
+ 1.0 (7500) 

+ 0.00000083 (7600) 

=1993 01 01 00 00 00. 00000003 (7700) 

mmmvnmm (740) &. 

(7 7 0) <b«. mZfV-f-ZftlSrC. 
RAM»C±»*3tl*»TttttS*l4. C©JE*r«©*r 
U»IWfl (7 7 0)©. aUS»iES|J»4l»l»fcifS*fei 
i©-?-***, fisZto&f&m&mf-Z (7 8 0) £ 

[0 048] 1993 01 01 00 00 00 ( 7800) 50 



7 0 ) ©a^g|5»©**sfsEl3ti. ^-^©trott. 
/JS»^«T8ffi*"C. ^*>j±«:#??;*ft. a©tH*fB 
MlfB^c, «ftetttH^*i)ji*«J(!i-e©»iEil*sftW 

[0049] ffi^tcw u-ctt. ane»i»Rft ( 7 o o . 

7 10), *A8mBl»$1£fltlX (72 0). tf-BHf 
"53i*JS»!©afi*liEfitfilfl[ (7 30) ifc^WL-C* 

[0 0 5 0 ] S'JS&gffig (7 0 0. 7 1 0) iCML-C 
(•*. If- 5 ***©£©». tefflMKBSrHfttfl 
0. 0 3'C©4.$THjSSSnTl»-5. £fc. Et-^SgJS 

3 X»£6tffir SSS'JSilSS-C© 
^MgSiLT. CRMSWtB'. CR»JM0«fW>$ 

or. tjs?asffis«. «tessi5H. ««r*i»--s 

x*. flttMftrcfTC3tiS&ffit£iaRa«. ifiS* 

aiwtfrc «fs s ft h matm&*m*«. «tos*3r*-c* 

4*5. -iKWKtt. ±1. 0'C~±0. 0 5'CfIKB. 



(9) 



15 



[0 0 5 1 ] *ft3aS-?»R13tt«!flE (7 2 0) KM L 

©■fh. f—^;i/^-*IE»«:<fc*JMHbl!l*. ?S»S 
y^t'JOt? 8WWnflll*»..JW { . 7K 

^^ttoaBflSttSKDRftRH* 5 & 4 . 
©gp D D D « f.ottt. «fiB$©^«^Sfc» h 'j -7 3 > r 

B, -7 A ^aa^f^-^CD^* 1 ; (ROM, RAM) 10 

mrSU, ±lE©#!l©BCD4fiT©2ifl?gill (7 20) R 
tfBCD9**DJin#** (7 6 0) 3 2. 7 6 

8KHzrlll(WSv^^n3>b - a-^-C. 10 0m 
s e cgg-rSETt?* SSS'JSB#reT 5 0 0msec 
~1 s e cfflJEfcit^-WHSSH-C. vgt#&lI4iSfia'J 
Si B^JtoSnJffi-C**^*, SSIM&SBSIHB— fiftK 

[0052] *i> m mm&<D&g.ttmz. 1 ;&ws8fi<H 

-C<fc-2>. tic. 7k&&m®&t*&&M : ?-<DUm&i* 
7K H H a ^gaS ! f#1±lf KB. ^ * 'J OfcJimStOfflfcKtfi 

[005 3 ] H-B$S(|i?3i*J3»©?agffliEffl?JI»fSe 
(7 3 0) B. SS»*lSlfc7jN3 < . C C-COMftttO i 
*A 6n-2>„ ±EOBt»« (7 3 0)TK, BCD2ffi 30 
<h B CD 4 1fi©Sfflt£/h&.£&fi© 6 H -o 

TO£©&-C;&S. 

[0054] «_bct *) . Tks^JS-^as^ttffiS^ias 

[0055]^. 02©^P2f^ERO'0 5©7D- 
* - h l<C7jkt "7 -Y £ d n > £ * - £ iM® CC <fc 4 2 -fe > 
•9--^;©SfiliIEItB#«fi65:^^'7 :r ^*7VB#lttCO^ 
T^-ra. 0 1©l-fe>i7--^©^a^770i. W 40 
2©2-b>"9--^;©7'n ? ^0<h©tl®.#.«. (1) 
SS« i JS1h18S2 (290) , If- 5**2 (294) , 
C2 (2 9 5) . mmWK2 (2 9 6) rtJiBJntC&^T 
l>5Cii. (2) tf-S** 1 . It— 5^J2K^ 

*sjb. {ss^©iise»n/ciEHF , 3'r-wfflS©!tftt ; £feo 



•fe>t-W^^W5Cii. (3) ROM (22 



#B8¥ 6-342088 
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• [ 0 0 5 6 ] ilJjQS <-i?cSgi'JS[Hl8S 2 ( 2 9 0 ) B. 
SS9JSH8S1 (2 8 0) i|5ltt©««EH:tto-C*5»3. 
CRffefIH]582 (2 9 3) . CR56!SHiSSfe*'5>*2 
(2 9 2) , RV. $-fv2 (29 1) «fc"5&£. 01 

© i -fe >it— **©»^©-y-- 5 * 2 ( 1 8 4 ) B. 1 
ft. ©a, ^©^©fwsrefc. *sfiSfflg*n#e> 

tf&S (810) . MM****- 5 * £}gtri{i (8 00) 

r&a. a'J5©&&i5B ( 8 5 0 ) *- 4 0 -ca>6 + 7 0 

•Ci-T^i. Hr>i7--^S©JS-^©^t L-T, 17--5 
(8 30) >£tfflt2». C©J§£. 2 5-CJ12© 

5 x *©ffil/Mfi#:§ta&K:*# < ft *3 . tginffiwM^ictk 

«rscR«»jaa«kttfi<<tt*. mvi (is 
1) KBBesftfc— s^ia«. cR*sia«**'»* 

1 (182)*, *fcCR«Hfliaa»3WBl»*l^'rfe. 

t>6fcft. CR«Bffl«a»3&HSt>«J«T:tt. CRISSfl 
1 (1 8 2) ©*'»fffl* i 'J^<%0 1 
^««©ffl»ttJt**J**< ft*. ISSUST? 
«. CR^lMM^f^i'l ( 1 8 2) ©*-?>hfil 
l^cft, '»Ba»Jfe©ffl*tit*ia:«ittl-C * 6 « i*7j> 
3< ftS3&*. i)--5^^B (830) ©i/5-7©+5 0 

5 ^ $&tnm<D$zit*&m u < * s < a »j . *©«*. 

S4#tt©^9-7tC^t-J:^(C, + 2 5'C£i*M><!:TS& 
S© 2^B8»i ft *Jl3 . fiJgSK * 3 e.7j< B B B ^Ml?S 

7]< B B B ^!i^^»^M*^ D 4/cft . ffiSJlSRCmaii^ 

ttB#tt©S@[ffliEtSS *> . ffifittR tf*»WC* 0 < ffi 
TTSX^^-^. COX-^ffl^/cfttc. 2-fe>l7-- 

tt<DU&tfaiEft%® 4 a s . *^ B J ©nsfew iu, 

H8©fiiattfli"tf— 3**C (8 4 0)*, 17--5X* 

1 (28 4) icfcmb, nummy-zzzA (82 

0) *. if- 5X^2 (294) (C^ffl-T-S. 17--5X 
^^x.iSKT s = + 1 5*C (8 6 0 ) iiS:S1"4 
i, aUSajXIBB (8 5 0 ) B, - 4 0°C~+ l 5 - C© 
&@Mt, + 1 5*C~+7 0*C©lSi&$©2o©eBK: 
»W6tl*. (SMffllT— S^^C (8 40) tt-4 0-C 
~+ 1 5'C©(gfilD(l^t , ffla©lS^S l J^'5Itg-C. PJ« 
(C. B^ffi1t-5^*A (8 2 0) B. +1 5'C~+7 
0 *C©lSSJ|li-Cffg©li5l»aiJ5£*s-Ct 4. 15070- 
?*-VC, ST. {SiSffilT-- 5 X $ 1 (2 84) 
Sf.'JSSSS 1 (28 3) "CfflflE«IS«rtTl> (510. 5 
11. 512. 513. 514. 515. 5 2 0). M 



(10) #BH¥6-34208 8 

17 18 
jQBffii-fe>ir-ffl0»*fflff£©ifc8**Tfc5 (5 2 * LT^- ?%Sai«JB 
1 ) . #J£fifi#*>1^^D t»fc« (5 50) T*a#. «»*SC«:«fc4SE»%ffll,» 

». iSfi/Bl?--$*3?2 (2 9 4) i?aS?P.iJSlHlS§2 S C £ fcnJfi6T4>4. 

(2 9 3) T, ««©«WJ£4*t&5 (530,53 [0057] ti±OW»«: J: ?) . JKWRfcfiflHtlESh 

1. 53 2, 5 3 3. 534, 535. 5 4 0 ) . «£ fcff-Bftfi**!* C i *Jffi*.&. -«W0C«t < 

«jt*j-b>-9— woftAattJ: »3fii»*B^«. sace* Jt«fl«a4*- ± 1 -cfig©sg 

B B a ^IHifi^^^5j<* (5 5 0). *f 9 &*fflX90*l «ftt©WC. 9J3£Jag^M*iffB#ffiOSM{C^iL.S^?S 

jEffl%iHBL/ (5 6 0) . fflttffliESttfct1-BWI**tti %S#lt*^. ST, ^craSjSjjftgHBfftt&O?? 

L--C (5 7 0) . •?tdi)iA&-?:^-9 i >£7GTT 10 7B, TiB©2#M»^tMM. e>*i*. 

£(58 0)&iltt, 1 *>*-**©*£•'&£ <R« [0 05 8 ] 

Af (T)/f = -a (T-25)' • • • (6000) 

a = 0. 033 •••(6001) 

cniiSgTTMtSi, i/77©Mt^«)P.S„ X: * [0 05 9 ] 

A (Af (T)/f)/AT=-2a (T-25) • • • (6002) 

^•Y"7 0©fiJ03^^]lE9r„*si Hz©t§£te ★ A t (T) = - A f (T) /f •••(6 0 0 5) 

t„=i [sec] ••• (6004) i^c-s. se-^r. aflsaa^tcts^^voii*)^ 

^W©ttiE«lAT (T) »flEJiIE*fT 
At (T) =-r„XAf (T) /t ■ ■ • (3 4 20 -,tc&mm<DWMA t <T) tt, T1B«J¥5£-C3fc«>6ft 
0) 4.- 
« (3 4 0) icRATZt ★ [0 06 0] 

At (T) =ATXA (AT (T) ) /AT •••(6 0 06) 
CCfC. 5£ (6 0 0 5) £ftVf •&<!: 

At (T) =ATXA (-Af (T)/f)/AT • • • (6007) 
Etc. 5£ (6 0 0 2) fcftATSi 

At (T) =2a (T-25) AT • • • (6 00 8) 
C©WO§tS (6 00 1) 4fUr5i, 

At (T) =0. 0 6 6 (T-25) AT •••(6 0 0 9) 
imt>t\Z>. 307V 0 0 9) <fcf), 

[0 06 1 ] iaKiB'J5£sgMAT= ± 1 ( 6-ft 

At (T) =+0. 066 (T-25) • • • (6010) 
t H K) . ^ ( 6 0 1 0 ) ^SfflSr©SKffiiE^©itB$ )§&St©fig*f iEOfciMc , 32. 768KHz© ?J< 
li^At [p pm] &ltirr*£, TBEOtftcftS. MJa?^, SgtcJcoT 1 fj-'fttc. l$fc»2 

C0 06 2] 'W^iiflDLTUfcAJ, lAjl/Xtl*!. 3 0. 5ms e 

m%M& T DC] M-HMKMSAt [ppm] ct*5fcft, lf-B$fii©flfl9liEflltttt. 3 0. 5pp 

m (30. 5/isec/lsec) #ESt*o?c, * 

mMommmv. *sLmm&itimBm&ifi±ss3, < 6 

0 0 0) T2&M««ffifi«l-e*SHtett, iSgffilEg 
40 (totmiUISH! 0 . Sftffl£3l£ A T = + 1 'CK J: Sit 
B#{£©Hgtt, ftltfc. ±4. 3 ppm (T=-4 0 

•c) (DUsm&ttimm&mm-czh. hk. *»jsi>-- 
o. o 5*cgjs*-ciaftaB3Er ictfe^iSBr**. * 

©ii^©tt0#O©iaSMiE«, 3 hK.-ffing.K.mWCi! 
5. 

[0 06 3] SSaUSiS^AT = ± 0 . 05 'C©i§£, 
^ (60 09) «kD. 



7 0 




2. 


9 7 


6 0 


± 


2. 


3 1 


5 0 


± 


1. 


6 5 


4 0 


± 


0. 


9 9 


3 0 . 


± 


0. 


3 3 


2 5 


+ 


0. 


0 0 


2 0 


± 


0. 


3 3 


1 0 


± 


0. 


9 9 


0 


± 


1 . 


6 5 


-10 


± 


2. 


3 1 


-20 


± 


2. 


9 7 


-3 0 


± 


3. 


6 3 


-4 0 


± 


4. 


2 9 



^©^■p^jaa-cjaaEwiiE-rs^tt-ctt. &&&& so 



(11) 
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A t (T) =± 0. 0 0 3 3 (T~25) 

itto, a(6oi i) (csmsToiujiijEaow-WF 
mm&At [ppm] mntht, TBoflKca*. 

[0 064] 

Ste^S T [t:] fWfifflKSAt [ppm] 

70 ±0.1485 

60 ±0.1155 

50 ± 0.0825 

40 ± 0.0495 

30 ±0.0165 io 

25 ± 0.0000 

20 ±0.0165 

10 ± 0.0495 

0 ± 0.0 8 2 5 

-10 ±0.1155 

-20 ±0.1485 

-30 ±0.1815 

-40 ±0.2145 



COm^. AtCDMAX. ffi±0. 2 1.45 [ppm] 

(t = - 4 o °c) t tj: y) . imimn&<Dmmg:&m 20 

3 6 5 [0] X24 [B#] X6 0 W]x60 [#] 
x(±0. 2145 [ppm]) = ±6. 76 [#] 
<hfcr), -4 0 [°C] #»6 7 0 [*C] &-C<DJ£1>®SSg 
itttfflt#^, &^M^±7#<Dlt0^g^J:b|gW 

[0 0 6 5 ] 

H^^>h«^c, ^(on^ou^m^n^K sea 

n 3 > tr * - £ lCF*g fttaK JtfBSlelK t C RffeMIil 

ttB$^-*#afl^iES*ifc, ttusga^is-ets. 

[0 0 6 6 ] tt^f'-dilfjEOfcfefcaiffiUfc 
tt-(D«*6* & C t i> nJtg i ft h o 40 
[Hi 3 *«BJ©HJ6WT*5-7>f ^a=J>tr*-**0 

[0 2] ^RWOlOliW^**^^^^ 3 ^^*-"**' 



ttBI^F 6-342088 
20 

•■•(6011) 
[04] figct07KB e B ^IJll^fflM^@^S#^J:o 

[@5] (Haffliatafflio2-fe>-9--^a;«:j:*aflE 

[13 6] 7K e B B ^}SS^fflSSS^c7)^v^o 
[0 7] r-^RAMiCDItB^x-^^lt^Elo 

[08] a*-fe>^ (*-5^*> ©aanflia««Ftt© 

100- • • 7-f^P3>t*- 3? 

1 1 0 — - CPU 

ill* • • 

120 ■• • ROM 

1 3 0 • • • RAM 
140- • -I/O 

14 1— -ftBtr-frffi^ 
142— -tftfPSW 

1 5 0 • • • L C D F 5 A 

151 •• • LCD^*JP 

1 6 0 • • • *JU«fiBBS 

1 6 1 • • • *«6«-T- 

16 2- — CO 

1 7 0 • • ■ »«@SS 

1 7 1 ■ ■ • ^^70 

1 7 2 • • • 1 Hzt«9i&*36£0ft 

180 • aaaojEHK 1 

181 • • - ^vl 

1 8 2 • • • CR»ffiH&»27 , ?>* 1 

1 8 3 • • • CRftSSBSl 
18 4- • • If- 1 
18 5- • -CI 

18 6— -Smfifal 

2 0 0- • • "7^^u^>e^."~^ 

2 10- ■ - CPU 
2 11- • ■ 
2 2 0— -ROM 
2 3 0 ■ — RAM 
2 4 0 • — I /O 

24 1 — ■ m^-^wi 

24 2 — -»ftSW 
2 5 0 • — LCD F^-f 
2 5 1 • — LCD^ 
2 6 0 • — zKA?fe^[p]Bg 
2 6 1*— WF- 
2 6 2- • - CO 

2 7 0 • — ftmm% 

2 7 1—- ^"70 
2 7 2 — • 1 Hz««5i&**£lBB 

2 8 0 ■ — aaaneiiK 1 
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21 






22 


281 • 


• - Mvl 




5 11- 


• • *-f v 1 : start 


2 8 2^ 


• ■ CR*jBBit»*'»* 1 




512 • 


• • CR • CNT 1 : u p 


2 8 3- 


• • c Rmsms i 




5 1 3 * 


• • if-f-71 : OVF 


2 8 4- 






5 14- 


• - CR' CNT 1 : s t o p 


2 8 5* 


• • C 1 




5 15* 


• • CR • OSC 1 : off 


2 8 6 • 






5 2 0- 


• • CNT (T) ->T 


2 9 0- 






5 2 1- 


• • T>T, 


2 9 1- 






5 3 0 • 


* • CR • OSC2 : on 


29 2- 


• • CR«WWM»*9>*2 




53 1 • 


• • %4~?2 : start 


2 9 3 • 


■ ■ cR&mmmz 


10 


5 3 2- 


• • CR • C NT 2 : u p 


294« 






5 3 3- 


• • £ -Yv 2 * OVF 

^ 1 ~ Cj . \S V A 


29 5 • 


■ • C2 




5 3 4- 


• • CR • CNT2 * s t o d 


2 9 6 • 


• -S2»JgJn2 




5 3 5 • 


• -CR-OSC2: off 


3 0 0* 


• • I NT. r, 




52 0 • 


• • CNT (T) ->T 


3 10- 


• • CR • OSC : o n 




5 5 0 • 


• • T->A f (T) / f 


3 11- 


• • £ -f v 1 : start 




56 0 • 


• -Ar (T) = -r n XAf (T) Sf 


312 ■ 


• CR • CNT : u p 




5 7 0- 


• ■ t nav ( T ) = t nrp f T ^ + r + A r 


3 13- 


• • >-f7l : OVF 




(T) 




314- 


•CR« CNT : s t o p 




5 8 0 • 


• - RET 


315 ■ 


•CR-OSC: off 


20 


60 0 • 


• * i^^Sfcff S Af/f (ppm) :ififiii 


3 2 0 • 


• CNT (T) ->T 




610 • 


■ -fiK CO : WH 


3 3 0 • 


• T->A f (T) / f 




62 0 • 


• • 2 5 'C 


340- 


• At (T) =-t 0 xa f (T) /f 




6 3 0- 




3 5 0 • 


• t new (T) = t pre (T) + r 0 + Ar 




7 0 0 • 


• -cnt (tasaij^fflcRiasjaaas*'5> 


(T) 










3 6 0 • 


• RET 




7 10- 


• • T (MSEififfi) 


40 0- 


- I NT. To 




72 0 • 




4 10- 


• CR ■ OSC : o n 




73 0 • 




411- 


■ >^7l : start 




7 4 0* 


• • t ore ( Pimf (DfH*BS fiSH 


412 • 


•CR-CNT:'up 


30 


7 5 0- 


o Vol * nc TW'i J /p»J 7VJ w — ' rr> uHl ILfi / 


413 • 


• $r*Tv 1 : OVF 




7 6 0 • 


• - Ar (ifB^f^l03A^MI^(D•/Sf^*iTF'fit , ) 


4 14- 


•CR'CNT: stop 




7 7 0 • 


• * t new (§rLl^CDitB$fii) 


4 1 5 • . 


•CR'OSC: of f 




78 0 • 




420 • 


• CNT (T) ->T 




8 0 0- 




4 3 0- 


• A f (T) /f = - a (T-To) 2 




810 • 


• -fift CO : flM 


440 • • 


• At (T) =-r 0 XA f (T) /f 




82 0 • 


• • A 


4 5 0 ■ 


• tnew(T) = t pre (T) + r D + At 




8 3 0- 


• • B 


(T) 






84 0 • 


• • C 


4 6 0 — 


• RET 




8 5 0- 




5 0 0 — 


• I NT, r e 


40 


8 6 0- 




5 10- 


• CR • O SC 1 : on 
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4$H¥6 " 3 4 2 0 8 8 



[Ml J 



[06) 



/6o 



l7o ' 

fit 
/7i 



C 7 V 
— ?F 



Ay// 



,/3o 



j 1 \yJ^P 

^2 



lcp 

— K'7-fA" 




tst 
fso 



&JI CO 

25 



-to 

-JO 
-40 

-io 
-70 



1 




f 


















/ 



























































































































£00 



[07] 



7/b 



CD U) < 



mm 



D. 



1 : At <lt»»9ii*KH 



* R B * * » 

am m com mm. 



<ira***> 



•1 



"-0.Q 
"-0 



: 6t (tt^noii^w 



»-am m m en □□ tn . mmiD "-»»* 



QnicDmmfflm 



Air. 5 s - * 



- 3 4 2 0 8 8 



im2) 



200 



110 



2i>o 



#Tj CO 

270- 
2.7/ 

27i 



281 -> 
2^2. 
2?3 ' 



c p 1/ 



0 



1 
1 

1 

1 M 



JZ 



y 71* 1. 



JZ 



M CRM 




ROM 



LCD 



J 

0^1 



JZ 



CI 



-230 



2^7 



LCD 



^-2?2 



2& ~^^?L ^ 2 ?/^« 29 ^ 



(15) 



-342088 



[H3] 



,3oo 
,310 



( i v t. r 8 V^ J " U ; »<7oma»t?*-f>mi 

V- ^ ' SI 0 ii » ffl S3 « t 8 



CR'OSC : 


0 N 


1 ■ 3U 






start 




^ 3,z 





CR-CNT 




: u p 




; ^SS1S®S1C0CR^S@S 1 SON 
; 8K«I£0B 1 ^ * ^ T 1 * * * ~ ^ 



s««ao*^> h U P ft 5 



; v ^ 7 — -tr - ^ co - 

F F 



t new ( T ) = t 


pre ( T ) + 


r e 


+ A r ( T ) 




^3k> 



c rs&ceiss i ft o 



^ ; ^ - * 7 1 - ^ * £ & £ <* ■=> T. CR^S^ 
tt K * * > h « ( C N T { T ) ) ct 0 « m 
S K ( T ) 5 o 



^-^^-^^S^t-^^T, as (T) 

tt R fi £ ( A f (T) / f ) CD SI * '<* » 
(Ccto-C. *-fTO0)«'IOi&*BW©ffi3E 
Sat ( T ) 

tt «<D ft t Pre { T ) C, M 7 O O 
»1 0 ft * JB Bl t 8 i: , ^^70<DM0ii» 

i^iI@AT <T) H'*lDl«ft« 

ffl(tnev(T))ftWtt 



^ RET : 5-f70fl0ji*»^^-*>*7 



(16) 



-342088 



[04] 



(INT. r*y»° 






C R - 0 S C 


: 0 N 


1 ^411 


* 4 V 1 


: start 


? 




CR • CHT 


: u p 




^-^-^ 
: 0 V F 






Y E S ^ qjQ 


CR • CNT 


stop 






CR'OSC : 


OFF 






CH (T) T 






A f ( T ) / f = 
- a ( T 


2 

— T 8 ) 






A r ( T ) « 

- r a x a 


f ( T J / f 




t net- ( T ) = t pre ( T ) + 
:8 + A r ( T ) 



Si 0 ii 5* S3 it r 8 



;-&£&£[sJKlCDCR£ffi!E)E&i*o\ T 



CR^SS^a^^HCJ:0, C R£ 



S E i£ n.O ft V y Y7 ft± 



; /< 7 - -t - y <& tz A. 
F F 



c r &&mn i $ o 



M {CNT ( T ) ) «fc 0 SI £ 
iSS ( T ) * 5 



fclS&g (T) ^HiSS (TB) 
A f ( T ) / f ) £ % t & Z 

te®Ll5 % (Af (T) / f ) htoSkWtitW 
SAT ( T ) £ ff £b 

WM©H-«f«tpre(T) !;, HtO© 

^^cofBiEjiAr { t > t zmnmnr z 
z t iz x -D x . -sjSfiiE?nfc»fLuife# 

ffi ( t new ( T ) ) £ Wit 

9 << v o i»i o & frit- 7 ;b - ^>^r 



WHY 6-342088 



a, 



[H5 3 




fl 0 & ^ HI W «i r 8 



gffi&3tO# * > h u 
F F 



t new ( T ) - t pre ( T ) + 
T B + A r ( T ) 



* l ic <fc 0 , 
P 



□ — f - x v 0 

h ft (CNT) 

C R&fSdlSS 1 4 0 



; ^ - ^ x - 7 ;i/ _ 

3t# > h« (CM 

a s c t ) ft s 

; -tr ^ If to OJfitiSS ( 



T ( T ) ) cfc 0 ®5e 



T S ) * X V t 

fSSSS 2 $ 0 N 





K 




■7 > * 2 iZ £ 0 > 


C 


R£ 


K U P ft fj *5 






— y n — 3- x v -9 








C 


R IS 


h 7 v 7* ± 






C7 V h ffi (CNT 


1 




2 


ft 0 



c 



RET 



* -f V 2 A* ;** 



F F 

ifiKMVH (CNT ( T ) ) £ 0 i« £ 
VS S ( T ) ft * tf> 5 

J:07KS«IS^tfiKiSS ( A f (T) / f 
ft £ ra 

«Sft(8S (Af (T) /t ) tOSkWfW 
il £ o "C , ^-fTO^fflOii^aXSOffiiE 
W. A r ( T ) ft J$ £ . 
;Wl!I(OH-B»«rtprB(T)C. ? ^ T 0 <D 

HJW<D«EfflAr (T) tSWJJ^fto 

fS ( t new ( T ) ) ft * til 



